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Abstract 
A WPI student team collaborated with Stantec Consulting, Inc. in Burlington, Massachusetts to 
progress two new water treatment plants in Parker, Colorado beyond the 60% design phase. The 
team’s goal was to assess the energy consumption of the proposed water treatment plants and 
devise greener alternatives to save energy and decrease operational costs for the owner. The final 
recommendations are intended to provide different design alternatives to Stantec for potential 
use in the continuation of the water treatment plant project. 
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Executive Summary  
Introduction. The town of Parker is located 20 miles southeast of the larger city, Denver, Colorado. It 
has a population of roughly 45,900 residents that are supplied with water by the Parker Water and 
Sanitation District (PWSD). The PWSD currently supplies up to 30.7 million gallons of purified water per 
day (MGD) to these residents (Parker Water & Sanitation District). The PWSD wants to renovate the 
local water treatment system with a project that includes the design and construction of two new water 
treatment plants. The new plants are the Regional and Hess Water Purification Facilities. Stantec 
Consulting Services was hired to design these new facilities for the PWSD.  As of November 7, 2016, the 
project was developed to a 60% design level and in January 2017, the Worcester Polytechnic Institute 
(WPI) project team was assigned to improving this design (Stantec Consulting Services, 2016). The 
buildings are similar in design and meet all local and International Building Code (IBC) requirements. 
The power supply to the structures is solely grid electricity, and the proposed heating for the buildings is 
through the use of electric unit heaters, which consume a large amount of energy.  
The goal of this Major Qualifying Project (MQP) was to assess the energy consumption of the 
two proposed water treatment plants and devise greener alternatives to save energy and decrease 
operational costs for the owner.  The team identified multiple green design options and evaluate them 
with respect to energy consumption and life-cycle costs, in order to provide construction 
recommendations for the project. 
Background. There are multiple green certification programs dedicated to improving all aspects of 
construction and creating greener buildings.  The program guidelines that were considered to improve the 
impact of the water treatment plants in Parker, Colorado were LEED, Green Globes, and Envision.  The 
team also considered a number of different technologies for reducing energy use in the buildings. Since a 
great degree of energy is lost through the building envelope – walls, floor, and roof – phase change 
materials (PCMs) to prevent energy losses are a viable option for reducing energy consumption.  PCMs 
are materials that have a high latent heat of fusion; they absorb heat energy during on-peak hours and 
release them during off-peak hours.  This helps minimize temperature fluctuations throughout the day, 
leading to a reduction in both HVAC consumption and greenhouse emissions, while enhancing occupant 
comfort (Sharif, Shaikh, & Sakulich, 2015). Solar energy is another alternative the team considered for 
improving the building’s overall energy consumption rates and lowering its operation and maintenance 
costs. To evaluate the energy requirements for the new buildings, the team researched two energy 
modeling programs: TRACE 700 and eQUEST 3.65.  These programs are meant to help determine 
heating and cooling loads for buildings, but can also be used to determine energy usage and estimate 
operational costs. 
Methodology. The goal of this MQP was to assess the energy consumption of the two proposed water 
treatment plants and devise greener alternatives to save energy and decrease operational costs for the 
owner.  The team provided a comparison of these options for Stantec to use with their existing design 
plans for water treatment plants in Parker, Colorado.  Two objectives were established to guide the project 
to the aforementioned goal: (1) Identify green concepts that can be used in the water treatment plant 
building designs, and (2) Evaluate energy consumption and utility costs associated with the operation of 
water treatment plants.  
 The first objective was used to establish the performance aspects that the team wanted to address 
in order to make changes to the existing water treatment plants. Within this objective, the team 
determined which categories would be used to evaluate the water treatment plants’ overall performance. 
These categories were adapted from LEED, Green Globes, and Envision guidelines. The team also 
evaluated the geographical limitations of the project, such as code requirements and local material 
suppliers. Then, the team identified the material elements that comprised the water treatment plants using 
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the plans and CAD drawings supplied by Stantec. Out of these elements, a few were chosen that could be 
revised to reduce energy consumption. The elements that the team chose to make changes to were the 
ceiling components, roof components, and the building power source. To improve the building energy 
consumption using these elements, the team decided to analyze the impact of installing PCMs and solar 
panels in the buildings.  
 The second objective was to evaluate the energy consumption and utility costs associated with the 
operation of the water treatment plants. The team first edited the existing CAD drawings to reflect the 
installation of PCM blankets and solar panels in the buildings. After that, the team used both TRACE and 
eQUEST to simulate baseline analyses of the two water treatment plants. The results of these analyses led 
the team to use only eQUEST for the remaining simulation runs because the program provides utility 
costs, energy consumption values for all end uses, and allows the user to manually create materials, which 
would be useful for analyzing the PCM blanket. To test the impact that the PCMs had on energy 
consumption, the team tested two different types of PCMs, X25 and S25, of which the S25 has a higher 
capacity to store heat. The team also implemented these PCMs in two different thicknesses: 3/8-inch and 
½- inch blankets. The different PCM configurations that were tested were:  
1. The original roof and ceiling 
2. A PCM blanket roof and the original ceiling 
3. The original roof and a PCM blanket ceiling  
After the impact of the PCMs was tested, the team went on to evaluate the use of solar panels as an 
alternative energy source. The team used three LG Solar panel models with different efficiencies: 
LG335S2W, LG360N2W, and LG375N2W with efficiency rates of 17.1%, 18.4% and 19.1%, 
respectively (LG, 2016). The power generated by these panels and the resulting capital saved on grid 
power was calculated manually by the team, and the solar calculator featured on the LG Solar website 
was used to determine the implementation cost of a solar panel system. These values allowed the team to 
complete a cost analysis of the solar panel system, including a payback period.  
Results and Conclusions. The baseline simulations of the water treatment plants showed that the total 
electric consumption value for the Hess Facility is 52,920 kWh and 53,700 kWh for the Regional Facility. 
Since the results were so similar for both facilities, the team was able to draw the same conclusions about 
both. All of the simulations with PCMs in the ceiling resulted in lower energy consumption values and 
utility costs than those with PCMs in the roof. This was due to the better exposure that the ceiling PCMs 
had to the heat inside the building. The higher exposure allowed the PCMs to absorb and release more 
heat in the rooms. In addition, the ½-inch, S25 PCM performed the best in both the ceiling and the roof 
because it is the thickest option, with the highest capacity to store heat. However, while the PCMs had a 
small impact on energy consumption and utility costs, the impact resulted in savings of less than $10 a 
year, and the team does not recommend the installation of PCMs in the water treatment facilities.  
 The energy and cost calculations for the solar panels showed a larger impact. Depending on the 
size of the solar panel system, over 1/3 of the total grid energy consumed by the facilities can be offset by 
power generated from the solar panels. This results in savings of between $1,000 and $3,000 per year. 
The implementation of solar panels is costly depending on the size of the system, and the payback period 
is about 20 years for the options that the team evaluated. Overall, the benefits of using clean energy and 
the potential to earn tax credits and sell the excess solar energy generated are significant incentives to use 
solar power. 
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Capstone Design Statement 
The principles developed by the Accreditation Board for Engineering and Technology (ABET), 
require that all accredited engineering problems include a capstone design experience.  A 
capstone design experience has to contain engineering principles and realistic design constraints.  
The Capstone Design Experience requirement is met at Worcester Polytechnic Institute (WPI) 
through the Major Qualifying Project (MQP).  The ABET identifies that a capstone design 
experience should include realistic constraints such as: economic, environmental, social, 
political, ethical, health and safety, constructability, and sustainability (Worcester Polytechnic 
Institute, 2016).  This MQP entailed devising greener alternatives to save energy and decrease 
operational costs for the new water treatment plants in Parker, Colorado. The following 
constraints were considered throughout the completion of the project: 
Economic 
Cost estimates are an essential part of any engineering decision.  For this project the 
estimated cost evaluation included the capital cost and the operation and management 
expenses.  In addition, the cost of PCMs and solar panels was included.  To develop the 
estimates, the team used the eQUEST 3.65 software and conducted different tests to 
determine the necessary material for saving energy and cost. 
Environmental 
The environmental constraint for the new water treatment plants is the amount of energy 
and power needed for the water treatment plant to operate successful.  The goal of the 
project was to asses all the different energy consumptions for the treatment plants and 
come up with greener alternatives to save energy.  
Social and Political  
Parker, Colorado and the surrounding communities are in need of potable water.  The 
Parker Water and Sanitation District plans to resolve the water need by building more 
water purification facilities that can treat local groundwater coming from the 
reservoir.  The treated groundwater would be used for supplying clean water to the town 
of Parker and the surrounding communities.  This project required the team to look into 
relatively low-cost and aesthetically pleasing alternatives that had the potential to lower 
costs for the Parker municipalities and reduce the environmental toll from the carbon 
emissions generated to power both facilities. 
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Ethical 
In all design projects the engineers need to be ethical. To accomplish this, the American 
Society of Civil Engineers (ASCE) Code of Ethics was followed. This states that, 
“Engineers uphold and advance the integrity, honor and dignity of the engineering 
profession by using their knowledge and skill for the enhancement of human welfare and 
the environment, being honest and impartial and serving with fidelity the public, their 
employers and clients, striving to increase the competence and prestige of the engineering 
profession, and supporting the professional and technical societies of their disciplines” 
(ASCE, 2010). During the design and evaluation processes, these principles were upheld. 
Health and Safety 
The creation of new water treatment facilities in Parker, Colorado is intended to provide 
cleaner water to the growing city of Parker. These facilities will ensure that the water 
processed meets the State and Federal primary and secondary drinking standards at all 
times. To do so, these plants have to provide a service that can prevail even in case a 
power outage takes place. Each design alternative intends to reduce energy consumption 
and provides an alternatives power source for these scenarios. Additionally, these 
alternatives were tested to ensure a safe environment according to the International 
Building Code (IBC) and National Fire Protection Association (NFPA) codes. 
Constructability 
Throughout this project, the different elements that compose the water treatment plants 
were determined and classified. Similarly, all green alternatives proposed were studied in 
order to ensure their resistance against extreme temperatures and Parker’s weather. Once 
these elements were selected, the team proceeded to determine the companies that supply 
said elements. In an attempt to reduce carbon emissions due to material transportation, a 
500-mile radius was established between the project sites and their surroundings. Other 
than material sources, there were no other constructability constraints identified given the 
location of the projects and their intended use. 
Sustainability 
The objective of this project was to provide greener and sustainable alternatives to the 
current design presented by Stantec employees. To do so, several aspects of the buildings 
were identified and analyzed to determine their impact on the environment. The most 
relevant one was the energy consumption rates in order to keep the water treatment plants 
operational. Consequently, the team developed a series of recommendations that would 
reduce energy requirements as well as the building’s environmental impact. 
  
ix 
 
Professional Licensure Statement 
Licensure is defined as, “the granting of licenses especially to practice a profession” (Merriam-
Webster, 2017).  Every state establishes their own specific requirements for an individual to 
become licensed as a Professional Engineer (P.E.).  Obtaining a professional license means that 
an engineer has both accepted and understood the technical and ethical obligations of the 
profession (ASCE, 2001).   
Even though some states may have different licensing requirements regarding education and 
experience, the typical process is fairly the same throughout the United States.  The American 
Society of Civil Engineers (ASCE) has a few different requirements, when it comes to gaining a 
professional license listed below (ASCE, 2001): 
1. Graduating from an ABET accredited engineering program or an ABET accredited 
engineering technology program in some states. 
2. Passing the national Fundamentals of Engineering (FE) exam offered by the National 
Council of Examiners for Engineering and Surveying (NCEES). 
3. Obtaining four years (or three years past a Master’s degree in some states) of acceptable 
engineering experience with increasing levels of responsibility, under the guidance of one 
or more licensed engineers. 
4. Submitting a detailed application documenting among other things, a progressive 
increase in responsible professional experience and including both professional and 
character references. 
5. Passing the Principles and Practice of Engineering (PE) exam offered by NCEES. Some 
states have an additional exam offered by the state board that covers its principles of 
conduct and ethics. 
Civil engineering students and graduates should be encouraged to become licensed engineers, 
because it can lead to a number of advantages.  The majority of civil engineering work is done 
for the public; therefore, an engineer’s responsibility is to ensure the public's safety.  A 
professional engineer license allows an engineer the opportunity to take responsibility for their 
designs, reports, plans, and any other technical work. Professional engineers can also serve as 
role models for young engineers who are inspired to become a licensed engineer, since young 
engineers need to complete several years of practice under the guidance of a professional 
engineer.  Engineers who have an engineering license have direct knowledge of the licensure 
process, bring practical experience, and as a result can convey the licensure process to students 
and younger generations more effectively (ASCE, 2001). 
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1.0 Introduction 
The town of Parker is located 20 miles southeast of the larger city, Denver, Colorado.  Its 
population is approximately 45,900 citizens, all supplied with water by the Parker Water and 
Sanitation District (PWSD).  In 2015, the PWSD decided to renovate the local water treatment 
systems with a project that included the design and construction of new water treatment plants at 
two main locations. Currently, the PWSD conveys water from two the existing Regional and 
Hess Pump Stations (top right and bottom left circles in Figure 1), to the existing Reuter-Hess 
Water Purification Facility (top left circle in Figure 1). The PWSD plans to create a water 
treatment facility on-site at the existing Regional and Hess Pump Stations. The first new facility 
will be the Regional Water Purification Facility (RWPF), located directly west of the existing 
Regional Well Facility site.  The second new facility will be the Hess Water Purification Facility 
(HWPF), located southeast of the Reuter-Hess Reservoir (Stantec Consulting Services, 2016). 
 
Figure 1: Locations of Proposed Water Treatment Facilities (Google, 2017) 
Stantec Consulting Services was hired to design these new structures for the PWSD.  As of 
November 7, 2016, the project was developed to a 60% design level before the project was put 
on hold by the owner (Stantec Consulting Services, 2016). In January 2017, the Worcester 
Polytechnic Institute (WPI) project team was provided with a set of drawings for the Hess and 
Regional Water Treatment Plants.  These drawings included a separate building for each 
treatment plant, as well as details on the water purification processes that are taking place within 
them. 
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The buildings were designed to meet all local and International Building Code (IBC) 
requirements, but have not been considered from a sustainability perspective.  The power supply 
to the structures is solely grid electricity, which will be powering the plants all year long.  In 
addition, the proposed heating for the buildings is through the use of electric unit heaters, which 
consume a large amount of energy.   
The goal of this Major Qualifying Project (MQP) was to assess the energy consumption of the 
two proposed water treatment plants and devise greener alternatives to save energy and decrease 
operational costs for the owner.  The team identified multiple green design options and evaluated 
them with respect to energy consumption and life-cycle costs, in order to provide construction 
recommendations to the Stantec engineers. 
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2.0 Background 
In the past few years, construction has taken a turn toward greener and more environmentally 
conscious approaches to building design.  Even though environmental alternatives are mostly 
incorporated in commercial buildings and housing, design companies such as Stantec are looking 
for greener alternatives suited for Water treatment plants construction.  These alternatives 
include implementing more energy efficient components and using renewable materials during 
construction.  In comparison with standard materials, the ones implemented in green buildings 
generally reduce maintenance and replacement costs over the life of the building, conserve 
energy, and improve occupant health and productivity. 
2.1 Water Treatment Facilities  
Water treatment plants produce drinking water for the general population, and process industrial 
water for factories and manufacturers.  Processes at any given facility often include getting rid of 
debris and any organisms that might cause disease, treatment using chemicals to eliminate any 
impurities, and disinfection and chemical adjustment to lower the chances of corrosion during 
delivery (Department of Ecology State of Washington, 2014). 
The town of Parker, Colorado has a population of roughly 45,900 residents that rely on water 
usage on a daily basis.  The Parker Water and Sanitation District (PWSD) is in charge of 
supplying potable water and sanitation services to all the residents and its surrounding areas 
(Stantec Consulting Services, 2016).  The PWSD’s water is supplied from the Reuter-Hess 
Reservoir (RHR) and underground wells.  The water is treated at the Reuter-Hess Water 
Purification Facility (RHWPF).  The current water treatment facility can supply up to 30.7 
million gallons of purified water per day (Stantec Consulting Services, 2016).  
Other than slight differences on design flow rates (5.6 MGD and 5.5 MGD for the RWPF and 
HWPF, respectively), both water treatment plants were divided into five separate rooms, as 
follows: a control room, an electrical room, a mechanical room, a filter room, and a chemical 
feed room as seen in Figures 2 and 3, below.  
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The control room includes the Process Control Panel and Filter Control Panel.  The filter and 
chemical feed rooms include filter vessels, process piping, raw water pumps, chemical feed 
pumps, as well as bulk storage tanks, and solution tanks (Stantec Consulting Services, 2016).  
These water purification processes require vast amounts of energy that increase operation and 
maintenance costs as well as the structure’s environmental impact.  Consequently, construction 
Figure 2: Hess Water Treatment Facility Layout (Stantec Consulting Services, 2016) 
Figure 3: Regional Water Treatment Facility Layout (Stantec Consulting Services, 2016) 
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companies have shifted towards greener design alternatives in order to ensure that these facilities 
provide their intended service while preserving their surroundings and the environment as a 
whole. 
2.2 Certification Programs 
There are multiple green certification programs dedicated to improving all aspects of 
construction and creating greener buildings.  The program guidelines that were considered to 
improve the water treatment plants in Parker, Colorado were LEED, Green Globes, and 
Envision.  These three programs are introduced in the following sections, and the categories and 
award levels are summarized in Table 1.  
2.2.1 LEED 
The Leadership in Energy & Environmental Design (LEED) 
program was developed by the U.S. Green Building Council and 
provides third-party rating and certification of green buildings.  
There are five main LEED categories that include guidelines on 
improving environmental impact and quality of life for the 
community surrounding green buildings, and two additional 
“bonus” LEED categories.  Each category has a certain number 
of points associated with it, which are credited to a building if it 
meets the specifications within each category.  The bonus points 
are available to earn if the innovative design of the building exceeds the requirements of the 
five main LEED categories and to account for any regional specifications.  All of the points 
earned are summed up to determine the level of LEED certification that can be awarded to the 
building. There are four different LEED certification levels that can be achieved.  For example, 
for a building to be LEED-Certified it must earn between 40 and 49 points, and if it earns 
between 50 and 59 points it is considered a LEED Silver building.  
One of the aspects of LEED that makes it different from Green Globes or Envision is that it 
possesses more stringent prerequisites.  There are three main requirements for a building to be 
eligible to apply for LEED certification, and there are also prerequisites within each LEED 
category that must be met before a building can earn points in that category (US Green Building 
Council, 2013).  
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2.2.2 Envision  
Envision is a sustainability certification program similar to 
LEED and Green Globes, but it focuses on infrastructure.  
Envision aims to “educate citizens and increase public 
awareness, provide a means to quantify sustainability in 
infrastructure, and facilitate the adoption of sustainable design 
for infrastructure” (Institute for Sustainable Infrastructure, 
2015).  The program contains a holistic sustainability rating 
system for all types and sizes of civil infrastructure, and optional third-party verification and 
award for recognizing project achievements like the other two programs.  However, unlike 
LEED and Green Globes, Envision does not have any prerequisites that must be fulfilled prior to 
obtaining the certification. In the case of Green Globes, the correct terminology to address these 
prerequisites is “eligibility requirements” (Institute for Sustainable Infrastructure, 2015). This is 
due to the fact that they represent basic qualifications for any building to be considered for the 
program; whereas, in LEED any building may fulfill initial qualifications, but not individual 
prerequisites for each specific category. 
Envision is composed of five categories, each with multiple sub-categories that place more of an 
emphasis on evaluating the necessity of the structure including the impact that it would have on 
the quality of life of the surrounding community.  There are four certification levels that can be 
awarded to Envision infrastructure.  To reach these award levels a certain percentage of the total 
credits available across all five categories must be achieved.  For example, to earn Envision 
Bronze infrastructure, twenty percent of the credits must be earned (Institute for Sustainable 
Infrastructure, 2015).  
2.2.3 Green Globes 
Green Globes for New Construction is a user-friendly web 
application that assists engineers and architects in 
evaluating and enhancing environmental friendliness and 
sustainability of new construction projects.  It allows 
project teams to consider various green options during the 
design and delivery process, and evaluate and rate the 
benefits of these design scenarios against one another.  
This is a time and cost effective procedure since it provides the user with “early feedback” 
through an “integrated design and delivery” channel (Green Building Initiative, 2017). 
There are seven categories that deal with building and construction aspects ranging from 
performance goals, to ecological impacts, to heating, ventilation, and air conditioning (HVAC) 
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controls, and more.  Structures are awarded points within each of these categories with a 
maximum total of 1,000 points.  The percentage of points earned of the total points available is 
the parameter used to determine a structure’s award level.  For example, if a structure earns 35% 
- 54% of the total amount of points, then it is awarded one Green Globe, and so on.  
Unlike LEED, there are no prerequisites for the individual categories and no bonus points; 
however, there are eligibility requirements that need to be met for a building to be considered for 
this program as seen in Table 1 (Green Building Initiative, 2017).  
Table 1 shows a comparison across the different prerequisites/eligibility requirements, 
categories, and awards levels that each of the certification programs possess.  Even though each 
one has a different approach towards achieving sustainable designs, they all overlap on several 
aspects of their design process and evaluation criteria. 
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Table 1: Green Initiatives Summary 
 LEED Envision Green Globes 
Prerequisites/ 
Eligibility 
Requirements 
 
x Must be in a permanent 
location on existing land 
 
x Must use reasonable 
LEED boundaries 
 
x Must comply with project 
size requirements 
x No prerequisites 
x Must have been occupied 
for no longer than 18 
months at the time the 
assessment is ordered 
 
x Must have conditioned 
space 
 
x Must be designed for 
occupancy 
 
x Must be at least 400 gross 
square feet in size 
 
Categories 
 
Sustainable Sites:  
26 points 
 
Water Efficiency:  
10 points 
 
Energy and Atmosphere:  
35 points 
 
Materials and Resources: 
14 points 
 
Indoor Environmental 
Quality: 
15 points 
 
Innovation in Design: 6 
bonus points 
 
Regional Priority: 4 bonus 
points 
Quality of Life: 13 credits 
Purpose, Community 
and Wellbeing 
 
Leadership: 10 credits 
Collaboration, 
Management and 
Planning 
 
Resource Allocation: 14 
credits 
Materials, Energy and 
Water 
 
Natural World: 15 credits 
Siting, Land and Water, 
and Biodiversity 
 
Climate and Risk: 8 
credits 
Emission and Resilience 
 
Project Management: 
50 points 
 
Site:  
115 points 
 
Energy:  
390 points 
 
Water:  
110 points 
 
Materials and Resources:  
125 points 
 
Emissions:  
50 points 
 
Indoor Environment: 
160 points 
Award Levels 
Certified:  
40 - 49 points 
Silver:  
50 - 59 points  
Gold:  
60 - 79 points 
Platinum:  
80+ points 
Bronze:  
20% of credits 
Silver:  
30% of credits 
Gold:  
40% of credits 
Platinum:  
50% of credits 
One Green Globe: 
35% - 54% of points 
Two Green Globes:  
55% - 69% of points 
Three Green Globes: 
70% - 84% of points 
Four Green Globes: 
85% - 100% of points 
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2.3 Building Technologies for Reducing Energy 
As technology advances and human environmental impact becomes a more prominent issue in 
the world, sustainability also becomes a concern in the construction industry.  One of the biggest 
issues that new construction approaches is energy consumption because construction companies 
are trying to build more while maintaining a minimal impact on greenhouse gases and fossil fuel 
consumption.  In this section, there is a discussion of some of the newest technologies that 
address the issue of reducing energy in buildings.  Specifically, the application of phase change 
materials (PCMs) and solar energy in construction projects are discussed. 
2.3.1 Phase Change Materials (PCMs) 
Energy consumption has increased exponentially with the rapid growth of the industrial sector 
over the last few decades.  Reducing the energy demand of buildings by improving their thermal 
performance has, therefore, been the subject of major debate throughout the world. 
Since a great degree of energy is lost through the building envelope – walls, floor, and roof – 
using PCMs to prevent energy losses is widely considered to be a viable option.  PCMs are 
materials that have a high latent heat of fusion; they absorb heat energy during on-peak hours, 
and release them during off-peak hours.  This helps minimize temperature fluctuations 
throughout the day, leading to a reduction in both HVAC consumption and greenhouse 
emissions, while enhancing occupant comfort (Sharif, Shaikh, & Sakulich, 2015).   
A large variety of PCMs are industrially available with melting points ranging from -33°C to 
800°C (Zalba, Marı́n, Cabeza, & Mehling, 2003).  These fall into four broad categories: Water-
based ice and gel packs, salt hydrates, paraffins, and bio-based PCMs.  Water-based ice and gel 
packs are ideal for applications that require the temperature to stay around 0C, and are non-toxic 
and non-flammable.  Salt hydrates are comprised of inorganic salts and water, are ideal for 
applications that require the temperature to stay in the 15C - 80C range, and have high thermal 
conductivities.  Paraffins have a “waxy consistency at room temperature,” can freeze without 
supercooling, and have melting points that range from -8C to 40C.  Lastly, bio-based PCMs, 
derived mostly from animal fat and plant oils, have melting point temperatures between -40C 
and 151C, and are much more efficient than salt hydrates and paraffins (PureTemp, 2017).  
The PCMs that were chosen for our energy and cost analysis on TRACE and eQUEST were 
PlusICE® Solid-Solid X25 and PlusICE® Hydrated Salt S25. Both of these products had 
identical phase change temperatures of 25°C. S25, however, had a higher value for thermal 
conductivity (PCM Products Limited ltd., 2013). This meant that the incorporation of S25 into 
the building structure would lead to a greater reduction in electric consumption fluctuations 
throughout the day, subsequently resulting in a much more energy efficient structure. 
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Tests carried out in laboratories around the world 
indicate that the incorporation of PCMs into 
construction materials leads to an increase in the 
heat storage capacity and a decrease in the thermal 
conductivity of a building.  One such test conducted 
in Montreal, Canada showed that the use of PCM-
impregnated boards over existing walls led to, on 
average, a drop of 6°C during daytime, and an 
increase of 4°C during the night (Athienitis, Liu, 
Hawes, Banu, & Feldman, 1997).  
Phase Change Energy Solutions, Inc., a 
materials manufacturing company, produces 
various types of bio-based phase change 
materials that make use of their latent heat 
properties to absorb and release heat. It lists 
three different applications for its ENRG 
BlanketTM/BioPCMTM products: drop 
ceilings (Figure 4), metal roofing and re-
roofing over existing roofs (Figure 5), and 
stud walls (Figure 6).  For drop ceilings, the 
BioPCMTM product is placed into the 
ceiling cavity, on top of existing ceiling 
tiles.  Metal roofing and re-roofing over 
existing roofs, on the other hand, involves 
installing the ENRG BlanketTM in new or retrofit 
metal panel roofs, leading to a great reduction in 
roof heat flux, cooling loads, and both cooling and 
heating energy use.  The last installation option 
deals with securing ENRG BlanketTM to the studs 
of the wall, making sure it is placed between the 
insulation and the wallboard (Phase Change 
Energy Solutions, 2017).  
Figure 7 shows temperature changes in walls with 
different PCM percentages under sine function 
temperature profiles.  As the results show, when 
the outside temperature goes up, PCMs absorb the 
excess heat energy and turn into a liquid, resulting 
Figure 4: PCM Drop Ceiling 
Figure 5: PCM Metal Roof 
Figure 6: PCM Stud Wall 
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in a reduction of temperature.  Similarly, when the outside temperature drops during off-peak 
hours, PCMs release the excess heat energy that they absorbed in the first place and turn back 
into a solid, resulting in an increase in temperatures inside.  By minimizing variations in 
temperatures, PCMs allow for HVAC consumption to be brought down considerably (Sharif, 
Shaikh, & Sakulich, 2015). 
 
Due to the properties of PCMs that allow the material to decrease temperature fluctuations, they 
would be useful in climates where there are temperature fluctuations between summer and winter 
as well as day and night.  In combination with other technologies such as solar panels, the PCMs 
would be able to absorb energy during the day even if it is cold outside, and release it at night to 
decrease the need for heating a space solely with unit heaters.   
Drop ceilings are often used to minimize HVAC consumption and make buildings more energy 
efficient.  Incorporating phase change materials in drop ceilings involves adding the PCMs into 
the ceiling cavity, on top of existing ceiling tiles.  A similar installation at one of Colorado’s five 
star hotels, Broadmoor, was carried out in the fall of 2015.  A drop of around 10 degrees 
Fahrenheit was seen after the installation.  This, subsequently, resulted in the demand for cooling 
being reduced, thus bringing electricity costs down (Phase Change Energy Solutions, 2015).  
Figure 7: PCM Percentage Effect on Room Temperature 
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2.3.2 Solar Energy 
Solar energy, in contrast with other energy production means, consists of harvesting the sun’s 
radiation throughout photovoltaic or thermal processes. This alternative represents a sustainable 
approach towards one of the world’s most predominant demands and reduces the overall 
operational cost of all energy dependent structures. In the past years, this type of technology was 
not fully implemented due to lack of energy production efficiency rates. Yet, as technology 
advanced, so have solar energy cells. There are two main type of solar technologies, photovoltaic 
(PV) and concentration of solar power (CSP). The first one consists of generating electricity 
through semiconductor materials that convert sunlight into electricity. These are conveyed in 
Wafer form, silicon-based PV modules produced by slicing ingots into wafers, or in thin films, 
PV cells composed of very thin layer of semiconductor materials. On the other hand, CSPs 
consist mainly of arrays of mirrors that aim sunlight towards a fluid to produce steam and, 
consequently, spin an electricity-generating turbine (Center for Climate and Energy Solutions, 
2012). Nevertheless, even though these different types of solar harvesting systems have similar 
effectiveness rates, the team focused on the photovoltaic ones given their convenience and easy 
implementation for the project’s purposes.  
There is a wide variety of alternatives for harvesting solar energy, yet the three most popular 
ones are solar fields, solar roof panels and solar tiles/shingles.  Table 2 summarizes each 
alternative’s advantages and disadvantages that can have an impact on the building designs, 
energy requirements, and life-cycle costs.  
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Table 2: Solar Energy Alternatives Comparison 
Solar Alternative Racking System Advantages Disadvantages 
Solar Fields Framing Structure x Easy maintenance due 
to better accessibility 
x Larger area needed for 
implementation 
x Soil studies needed in order 
to build framing structure 
x Harder installation 
Roof Mounted 
Solar Cells 
Metallic battens x Easy installation 
 
x Restricted roof access  
x Less attractive for the 
general public 
x Significant damage on 
roofing structure 
Solar Tiles / 
Shingles 
Metallic battens x Easy installation 
x Attractive to general 
public due to their 
design 
x Less impact on roofing 
structure 
x Restricted roof access 
x More expensive due to 
more battens required  
 
In an interview with SunTegra Solar’s Northeast Business Development Manager, Noah Siegel, 
explained the main difference between these solar alternatives are the racking systems and 
unique framing structures for each one (Siegel, 2016).  Solar Fields are commonly installed on 
an array that lays on top of a platform angled for maximum solar exposure.  On the other hand, 
solar shingles and roof panels are placed on metallic battens that serve as a framing structure that 
eases their installation.  Yet, these can have a heavy impact on the roofing structure.  
Consequently, the implementation of these solar harvesting devices depends on the space 
provided for the project and the installation method preferred by the owners. Regardless of the 
owner's preference, these will all perform similarly in improving the building’s overall energy 
consumption rates and lowering its operation and maintenance costs. 
According to Greenough River Solar Farm, “once the solar panels have been installed and are 
working at maximum efficiency there is only a small amount of maintenance required each year 
to ensure they are in working order” (Greenough River Solar Farm, 2017).  Due to their static 
design, their maintenance consists of a simple cleanup of the panel’s face to remove any dirt that 
would prevent sunlight from reaching the inner solar cells.  In case the cells have any movable 
parts to redirect following the sun’s path, their maintenance would have to be performed by a 
specialist.  Nevertheless, based on an industry analysis of solar energy, “the environmental and 
economical benefits from implementing solar energy considerably overtake their yearly 
maintenance cost” (The Solar Company, 2016). This long term cost reduction has motivated and 
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pushed for solar energy to become a better suitable option rather than a complementary 
alternative to our world’s energetic needs.  
Contrary to common belief, solar harvesting is not limited to only residential buildings. In 2015, 
SolarCity, an American company that specializes in solar energy services, was able to increase 
their presence across many industries, producing over 1.7 billion kilowatt-hours of pollution-free 
energy while reducing the presence of harmful contaminants such as Nitrogen Oxide, Ozone, and 
Sulfur Dioxide (SolarCity, 2015).  For example, the Fairbairn and Sacramento Water Treatment 
Plants are part of a larger partnership between the state of California and SolarCity.  “The 1.5 
MW solar system [at these locations] will benefit the environment as it is expected to produce 
about 2.2 million kWh of solar electricity annually, which is roughly equivalent to 7% of the 
plants’ combined electricity consumption and the electricity used to power 200 homes” 
(SolarCity, 2011).  Additionally, the systems are expected to offset almost 79 pounds of CO2 
over their 20 to 30-year lifespan, serving as the first step towards a greener future in which 
buildings are self-sufficient and have less impact on our environment.  These types of initiatives 
and applications of solar energy allow companies to reduce the construction industry's 
environmental footprint and bring cleaner air to current and future generations.  
2.4 Building Energy Modeling  
In the construction industry, there are many programs to estimate the energy requirements for 
building and system designs.  At Stantec, the two that are most commonly used are TRACE 700 
and eQUEST 3.65.  These programs typically help the mechanical engineers determine the 
heating and cooling loads for buildings, but can also be used to determine energy usage and 
estimate operational costs.  
2.4.1 TRACE 700 
One of the analysis programs used at Stantec is Trane Air Conditioning Economics, or TRACE.  
The program TRACE 700 is an analysis software that allows users to compare the “energy and 
economic impact of building-related selections such as architectural features, HVAC systems, 
and HVAC equipment” (Trane, 2017).  TRACE contains modules that walk the user through the 
two-dimensional design of the systems that power a building and its heating and cooling systems 
(Figure 8).  
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The program requires some prior knowledge of HVAC systems because the user must define the 
source of external power for the building, and then assign the heating and cooling systems to 
their power source.  This process becomes very complex when there are multiple heating and 
cooling units throughout a building.  In addition, the ability to design the specific construction of 
the building is much more limited than in the program eQUEST.  One of the very useful features 
of TRACE 700 includes the program’s compliance with Appendix G for Performance Rating 
Method of ASHRAE Standard 90.1-2007/10 for LEED analysis.  This means that the buildings 
designed in the program can be LEED-certified based on the energy savings and could qualify 
for potential tax rebates.  
TRACE 700 could be very helpful in the analysis of multiple alternative design options of a 
structure.  While it requires more knowledge of the building systems, it also provides a user-
friendly platform to perform cost analyses of the building.  It allows the user to input values for 
one-time installation costs, construction costs, and recurring O&M costs prior to building 
analysis, and then outputs summaries of the total costs for the user’s chosen analysis time period.  
In addition, Stantec has the currently designed water treatment plants already modeled in 
TRACE 700, so the existing designs can be used as a baseline for comparing the alternative 
designs.  
Figure 8: TRACE Building Design Modules 
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2.4.2 eQUEST 3.65 
The other program typically used for calculating HVAC design loads is called eQUEST, which 
stands for “QUick Energy Simulation Tool” according to the developer, James J. Hirsch and 
Associates.  It is a building energy use analysis tool, which features creation wizards to aid in 
system design and comparative analysis abilities to compare multiple building system 
alternatives.  Unlike TRACE, eQUEST has the ability to show the building design as a 3D model 
(Figure 9).  This program also has the option to add photovoltaic modules to take into account 
solar energy in the building model (Hirsch, 2016). 
 
 
 
 
 
 
 
Figure 9: 3D Modeling in eQUEST 
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This program is useful for analyzing HVAC systems if the user does not have extensive 
experience in building systems or building systems modeling.  While TRACE requires the user 
to connect the heating and cooling systems to specific plants, eQUEST simply asks for the input 
and output values for the systems and requires the user to create zones within the software, then 
creates the actual systems itself.  It is user-friendly, free to download, and provides a user manual 
with the download to describe in-depth each step of the design process.  Within the multiple 
design wizards that the program offers, all of the data input tables include a description of the 
value to make the process easier for the user (Figure 10). 
This program can be used to model baseline designs, and then alternative designs can be 
modeled and compared to this baseline to quantify the difference in energy use and monthly 
costs.  After the analyses of the building designs are conducted, eQUEST creates summary 
reports of the energy use and utility costs in both graphical and tabular form.  The graphs create 
an extremely understandable visual of the how the energy in the building is used, such as for 
lighting, heating, cooling, etc. and the tables show estimated numerical values of the energy use.  
The costs analysis abilities of eQUEST are similar to TRACE 700, and allow the user to input 
block costs, in addition to customizing unit costs for utilities. 
  
Figure 10: Example of eQUEST Value Description 
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3.0 Methodology 
The goal of this MQP was to assess the energy consumption of the two proposed water treatment 
plants and devise greener alternatives to save energy and decrease operational costs for the 
owner.  The team provided a comparison of these options for Stantec to use with their existing 
design plans of water treatment plants in Parker, Colorado.  Two objectives were established to 
guide the project to the aforementioned goal:  
1. Identify green concepts that can be used in the water treatment plant building designs  
2. Evaluate energy consumption and utility costs associated with the operation of water 
treatment plants 
3.1 Identify green concepts that can be used in the water treatment plant building designs 
The first objective was used to establish the performance aspects that the team wanted to address 
in order to make changes to the existing water treatment plants.  Within this objective, the team 
selected several green initiative programs and took multiple steps to determine which categories 
would be used to evaluate the water treatment plants’ overall performance.  These categories 
would aid to identify the building elements that could be substituted for greener alternatives, and 
which options are the most relevant to develop a cost and energy consumption comparison.  
3.1.1 Research environmental impacts to form the comparison criteria 
During the first two days at Stantec, meetings were held with several Stantec employees who had 
experience with the Parker water treatment plants and with the various green certification 
programs that were researched.  After discussing the LEED, Envision, and Green Globes options 
with the professionals at Stantec, the team convened to determine which categories would be 
considered when making changes to the water treatment plants.  This was done by looking at all 
of the categories for each of the three certification programs, and choosing the ones that 
overlapped among all three.  After the team had a list of the categories that overlapped, ones that 
were most feasible for us to make changes within were selected.  The four categories that the 
team chose to consider for the water treatment plants were:  
● Water Efficiency 
● Energy and Atmosphere 
● Materials and Resources 
● Indoor Environmental Quality 
 
Even though these are the LEED titles for these categories, all three of the certification programs 
address the same topics.  Another category that all three programs consider is the impact to the 
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quality of life of the surrounding community, but the team did not evaluate the water treatment 
plants within this category because these measurements are typically taken during the 
construction phase, and this project is currently on hold at 60% design.  
After the four categories the team would be using to make changes to the building were 
established, a list of the current specifications for the project within these categories based on the 
Basis of Design report was compiled.  Afterwards, the team compared them to the specifications 
from LEED, Envision, and Green Globes.  The summary of these findings can be found in Table 
1, in Section 2.2.3.  
3.1.2 Identify geographical limitations 
To identify the geographical limitations for the project, the team first used the complete list of 
building components to isolate the materials that would be required to construct the water 
treatment plants.  Using this list of materials, the team researched material suppliers located 
within a 500-mile radius of the water treatment plant location.  A document compiling the list of 
building components, materials, and multiple supplier options for each was created. 
The second step of identifying geographic limitations included researching the building codes 
that apply to the water treatment plant project and considering the limits that these codes place 
on the changes that the team intended to make.  The building codes that applied to the project 
were stated in the Basis of Design report, which cited the 2015 International Building Code as its 
main standard for construction.  The only limitations that the team isolated from the IBC were 
the minimum window size and temperature requirements for the rooms in the water treatment 
plants.  The window requirements were met by the initial design plans, and the team made sure 
to include the minimum temperature requirements for the buildings when making changes to the 
insulation and power source. 
 
3.1.3 Identify the material elements that comprise the water treatment plants 
The second step that was taken towards determining the changes that the team wanted to 
implement in the design included researching the elements that comprise the Parker plants.  To 
complete this task, existing plans for the project were studied and, based on the plans and the 
Basis of Design report (Stantec Consulting Services, 2016), the team was able to determine the 
entire range of building components and materials.  These were then organized under categories 
based on the component.  The feasibility of changing certain elements based on the complexity 
of the existing design was also taken into consideration.  Once all components and materials 
identified were categorized, the team narrowed down the list and established three elements of 
the structures to focus on throughout the project: 
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● Ceiling components and insulation 
● Roof components and insulation 
● Building power source 
Modifications to the wall components and windows were not considered because the walls are 
load bearing.  The existing structural designs of the walls and the window placement were 
specified by the Stantec engineers to provide as much natural lighting as possible while taking 
into consideration the structural integrity of the building.  The team instead focused on the 
energy-saving changes that could be made to the ceiling, roof, and power system for the 
buildings.  The complete list of building components, including elements that were not chosen to 
be modified, and the materials that could be used for these components can be found in 
Appendix B.  
3.1.4 Evaluate green design options for the building elements chosen 
After identifying the geographical limitations and their impact on the project’s design, the team 
started to research the various ways that the elements chosen in Section 3.1.3 could be designed.  
This was accomplished by determining the materials that are used to construct ceiling and 
roofing and investigating which materials could be replaced with more sustainable or energy-
saving ones.  The team also researched options for decreasing the amount of grid power the 
water treatment plants would have to use during operation.  Once this information was obtained, 
it was compiled in Table 3 to establish green alternatives to the original design of these elements. 
Table 3: Proposed Changes to Building Components 
Building Component Proposed Change 
Roof Components and insulation x Metal roof with PCMs 
x Roof shingle without PCMs 
 
Ceiling components and insulation x Ceiling configuration with PCMs 
x Fiberglass ceiling configuration NO 
PCMs 
 
Building power source x Solar Tiles 
x Solar roof panels 
x Sola field 
 
 
In order to provide accurate and safe alternatives for Parker’s water treatment project, several 
Codes were researched and analyzed. Throughout the IBC, there were no pertinent limitations to 
implement these changes. Nevertheless, according to NFPA 101: Fire safety code, section 10.2.3 
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Interior Wall or Ceiling Finish Testing and Classification. “Interior wall or ceiling finish that is 
required elsewhere in this Code to be Class A, Class B, or Class C shall be classified based on 
test results from ASTM E 84, Standard Test Method for Surface Burning Characteristics of 
Building Materials, or ANSI/UL 723, Standard for Test for Surface Burning Characteristics of 
Building Materials, except as indicated in 10.2.3.1 or 10.2.3.2.” (NFPA, 2015) These results 
obtained from experimentations indicate that PCM blankets are safe to use on buildings. Once 
their safety implementation was corroborated, these alternatives were presented in CAD 
drawings and modeled in the next objective for energy efficiency and potential costs. In addition 
to the alternatives proposed, the existing design was also modeled and used as baselines to 
compare all of the results. 
3.2 Evaluate energy consumption and utility costs associated with the operation of water 
treatment plants 
The second objective dealt with incorporating proposed changes into the design plans of the 
water treatment plants, and conducting energy analyses to evaluate the costs associated with the 
alternative designs.  These proposed changes addressed all the performance aspects the team 
deemed necessary in the first objective.  Within this objective, the team updated the architectural 
plans of the water treatment plants to reflect the recommended greener alternatives, and 
conducted energy simulations using two separate software packages: TRACE and eQUEST.  The 
existing designs of the water treatment plants were chosen to serve as the baseline designs, 
against which the energy and cost analyses of the proposed alternatives were then compared. 
3.2.1 Create CAD drawings of design alternatives 
Once the team established which alternative designs to take into consideration, they proceeded to 
include the changes in the drawings provided by the Stantec engineers.  The drawings consisted 
of structural, architectural and plumbing designs for the construction of both the Hess and 
Regional Water Treatment Plants.  The team, however, focused only on the architectural portion 
of the drawings considering that its recommendations did not affect the overall structural and 
plumbing capacities of the building.  
Once evaluated, these revised drawings provided the team with the dimensions and future 
locations within the buildings’ structure of the various proposed changes.  These served as a 
reference when developing energy models and conducting cost analyses later on in the project, 
and helped the team provide final recommendations for the new water treatment plants.  The 
final updated drawings consisted of a selection of cross-sections, elevations, and specifications of 
the parts of the building that were proposed to be refined.  The changes are presented alongside a 
small description of any additional information pertinent to the installation and/or 
implementation of said alternative in Results Section 4.1. 
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3.2.2 Analyze energy consumption and compare to baseline design 
As mentioned in Section 3.2.1, the CAD drawings were edited to reflect the changes the team 
decided upon in the first objective.  The team, at the same time, also conducted the energy 
analysis of the building designs. Both TRACE and eQUEST were used to conduct the simulation 
of the existing designs of the Hess and Regional water treatment facilities, which were 
established as the baseline.  The team was given one existing TRACE file of the HVAC load 
analysis of the buildings that was used as the TRACE baseline data for both buildings.  To obtain 
the baseline data from eQUEST, the program required the team to “build” the water treatment 
plants. 
Building the water treatment plant baseline models in eQUEST was accomplished by inputting 
the building data outlined in the Basis of Design report and in the building plans.  The most 
important elements that were taken into consideration when creating the baseline model were:  
● The windows and doors: These openings allow for more heat to escape than other 
structural components, such as walls and ceiling. The dimensions were found in the 
building plans provided by Stantec and can be found in tabular form in Appendix C. 
● The roof and ceiling components: These are the building elements that the team altered 
and tested for energy consumption. The structures were determined from the CAD 
drawings supplied by Stantec and the components are listed in tabular form in Appendix 
D. 
● The heating source was specified as solely electric in the Basis of Design report.  There 
was no gas or fuel-powered equipment in the water treatment facilities; therefore, the 
team took care to specify this in the building models so the simulation would display 
accurate results. 
One aspect of the building designs that was not taken into account in the models was the heat 
given off by the equipment inside the buildings during operation. The programs have the ability 
to model building system heating and cooling loads, but there is no input for the type of 
equipment that will be used in a structure or how much heat this equipment will contribute to the 
building space. Due to these unmeasurable quantities, the team assumed that the energy 
consumption caused by heating in the model was slightly higher than the actual value would be 
in operation. The team justified this assumption with two facts: (1) the water entering the 
treatment plants was coming from wells, so the temperature was measured to be between 66°F 
and 80°F (Stantec Consulting Services, 2016), and, therefore, contributed to heating the building, 
and (2) the machinery that would be operating in the buildings is planned to run for 24 hours a 
day, 365 days a year, and would also generate heat that contributes to heating the spaces.   
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After the two baseline models were created and analyzed in TRACE and eQUEST, the results 
from the two different programs were compared to see if the team could use both programs to 
analyze the energy consumption in the buildings.  Based on the results of the two baseline 
analyses, presented in Results Section 4.2, it was determined that eQUEST provides a wider 
range of categories of energy consumption than TRACE does.  The building analysis report from 
TRACE only considers the energy used to heat the building; it does not consider the energy used 
to power other functions of the building, such as lighting. For this reason, the team chose to use 
only eQUEST to complete the remaining analyses.  The analysis and comparison results of the 
design alternatives for the Hess Water Purification Facility and Regional Water Purification 
Facility can be found in Results Sections 4.3 and 4.4. 
The roof and ceiling alternatives for the two water treatment plants were modeled in eQUEST by 
manipulating the material layers that made up the roof and the ceiling.  Most of the materials 
already existed in the program, such as typical gypsum board and metal roofing.  The one 
material that did not exist in eQUEST was the PCM blanket that the team decided to include in 
some of the design alternatives. There were two PCM values chosen for this task: PlusICE® 
PCM Solid-Solid X25 and PlusICE® PCM Hydrated Salt S25.  These PCMs both have a phase 
change temperature of 25°C (77°F), and so were ideal for the project. The new material was 
created by adding a layer to the roof or ceiling that was being modeled and editing the material 
properties of the layer. As shown in Figure 11, the name of the material can be input by the user, 
and the option to create the material from scratch by its properties was chosen. The properties 
that were input to create the PCM blanket were the thickness, thermal conductivity, density, and 
specific heat of the material as seen in Figure 12. There were two different PCM blankets used, 
with two different thicknesses. The PCM options used were: 
● ⅜ inch X25 PCM 
● ⅜ inch S25 PCM 
● ½ inch X25 PCM 
● ½ inch S25 PCM 
 
For the X25 PCM, the conductivity was 0.208 Btu/h-ft-°F, the density was 65.9 lb/ft3, and the 
specific heat was 0.386 Btu/lb-°F. The conductivity, density, and specific heat for the S25 PCM 
were 0.312 Btu/h-ft-°F, 95.5 lb/ft3, and 0.521 Btu/lb-°F, respectively (PCM Products Limited 
ltd., 2013).  The two different PCMs were used in both water treatment plant simulations, for 
both the roof and ceiling alternatives.  
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After the new material was created in eQUEST, it was possible to model the various design 
alternatives. The three combinations that were modeled for each water treatment plant were: 
1. The original roof and ceiling configuration that is proposed in Stantec’s existing plans 
2. A PCM blanket roof and the original ceiling configuration 
3. The original roof and a PCM blanket ceiling configuration 
 
The alternatives were input into the program by starting with the baseline, then highlighting the 
roof specifications and adding the PCM layer, and then finally running the simulation.  When the 
Figure 11: Naming of New Material in eQUEST 
Figure 12: New Material Properties Input in eQUEST 
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results from this simulation were obtained, the roof specifications were changed back to the 
baseline specifications.  From here, the ceiling specifications were highlighted and the PCM 
blanket inserted, and the simulation was run again.  The simulations gave results in two 
categories: Monthly Electric Consumption by Enduse and Monthly Utility Bills. The unit cost for 
the monthly electric bills was determined using the most recent average industrial energy utility 
rate from the US Energy Information Administration. The rate for Parker, Colorado as of 2016, 
which was used in all analyses of the two water treatment plants, was 7.22 cents ($0.0722) per 
kilowatt-hour (US Energy Information Administration, 2016).  
When the simulations of all of the different design alternatives were complete, eQUEST offered 
the option to compare the results of the multiple simulation runs that were conducted.  The 
benefit of comparing the results directly in eQUEST was that the program automatically created 
bar graph comparisons of the Monthly Total Energy Consumption and the Monthly Utility Bills.  
Since the two water treatment facilities are powered solely by electricity, the only utility 
represented on the output from eQUEST was electric. The results of the simulations can be found 
in Results Sections 4.3 and 4.4. The comparison graphs and tables are a compilation of all of the 
results from the simulations and include the values for each one. The individual results for each 
simulation were placed in Appendix E for reference. 
3.2.3 Determine energy savings and costs associated with solar panel installation and use 
 
The team began by revisiting the research on solar panels obtained in the Background chapter. 
Initially, the team was researching the energy savings and cost of solar panels from ten different 
companies. These companies were initially chosen based on proximity to Parker, Colorado, 
whereas Tesla/Solarcity and LG Solar were included due to their prominence in the solar energy 
field. LG Solar provides laboratory testing results, solar panel efficiency values, and other 
relevant technical specifications for their solar panels. In contrast, Tesla/Solarcity did not provide 
as much information about their solar tiles and shingles, so the team chose to use LG solar panels 
for the cost and energy analysis. LG has an organized and user-friendly catalog of products that 
allow potential customers to easily compare the different solar panel options in stock. The 
company also has an energy calculator available on their website for users to estimate energy 
savings and potential costs based on location and energy consumption. This calculator was 
utilized to determine the total system cost for solar energy alternatives. Figure 13 presents the 
initial window enclosed in a red square where the zip code and annual power usage for the 
building are input. For the estimate of the water treatment plants, the installation type selected 
was “Commercial”, the zip code was 80134, for Parker, Colorado. The team chose to estimate 
the solar savings using electrical usage instead of the electric bill. From Section 4.2, the total 
yearly energy consumption for the Hess and Regional Water Purification Facilities is 52,920 
kWh and 53,700 kWh, respectively. These values were rounded down to 50,000 kWh per year in 
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the calculations for solar power, because as stated in Section 3.2.2, the simulations do not take 
into account heat from the operation of the machinery or water being treated in the building.  
 
 
 
Once the zip code and annual power usage is input, additional information is required in order to 
determine an accurate system cost. In Figure 14, the light blue square indicates the space in 
which to input the system size and cost. The system size was different for the different solar 
panel models the team chose, and the calculations for these system sizes are included in Results 
Section 4.5. The “System Cost” field was also calculated based on the average cost per watt in 
the US, which is $3.57 per watt, so the value used for the estimate was $3,500 per kW-dc 
(Energysage, 2017). After these values were specified, the calculator provided an estimate of the 
net system cost, emphasized in the dark blue square in Figure 14.  
 
  
Figure 13: Solar System Cost Calculator 
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Depending on the quantity and model of solar panels implemented, the software provided an 
approximate system cost that included the unit cost of the panels and installation. The calculator 
does not take into account special installation requirements that may be encountered at individual 
projects, so this value is tentative. Additionally, LG assumes basic federal and state tax credits 
that may change based on each state’s tax regulations. Even though the calculator provides a 
somewhat accurate representation on the overall system cost, some of the values had to be 
rounded to the nearest kilowatt value provided by the software. This calculator serves as a tool to 
provide a cost estimate for implementing solar panels in a building (LG, 2017).  
The team chose three different LG solar panels to be used in the analysis. The three solar panels 
chosen were determined using the efficiency of the solar panels, since the dimensions and solar 
cell count per panel were the same for all three products. The panels selected were: LG335S2W, 
LG360N2W, and LG375N2W with efficiency rates of 17.1%, 18.4% and 19.1%, respectively 
(LG, 2016). Each solar panel has an individual price, but the main costs associated with solar 
panels come from installation. In addition, LG offers a lifetime warranty service that results in 
minimal maintenance costs. Therefore, the team only considered the unit price and installation 
cost of the panels they selected. This helped to provide a more accurate cost estimate of solar 
energy alternatives in contrast with purchased grid power, and the team was able to consider the 
impact of the panels on short and long-term savings. The payback period of solar panels was 
calculated by dividing the net cost of the solar panel system by the capital saved per year from 
the solar power. This resulted on the amount of years required to pay back the initial installation 
costs related to the systems.  
Figure 14: LG Solar Calculator Output 
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4.0 Results 
This section includes the results of all the simulations that were run, in the form of comparative 
graphs and tables, and a discussion of the implications of the information presented. The 
program eQUEST was used to simulate the energy models for both the Hess and Regional Water 
Purification Facilities.  Three separate roof and ceiling combinations were modeled: the original 
roof and ceiling (used as a baseline), PCM blanket roof and the original ceiling, and the original 
roof and PCM blanket ceiling.  Each PCM design was modeled using two different types of 
PCMs and two different thicknesses, to result in four different combinations of PCM blankets 
and thicknesses, as discussed in Section 3.2.2.  
4.1 Final CAD drawings for alternative design 
AutoCAD drawings were developed in order to evaluate the locations and physical space 
required to apply the alternatives previously selected. For the roof and ceiling alternative 
designs, PCMs were included between the material layers of the structures.  The new PCM layer 
was placed on top of the Gypsum board on the ceiling design and in between the plywood 
sheathing and the metal roofing on the roof structure.  Figures 15 and 16 present AutoCAD 
drawings showing the new designs, with the PCMs colored dark blue to indicate their location in 
the water treatment plant buildings: 
 
In addition to the PCM blanket design, the team considered the option of an alternate power 
source for the water treatment plants. Solar panels and solar shingles are proposed to be placed 
on top of the buildings’ roofs as seen in Figures 17 and 18: 
 
Figure 16: PCM Blanket Ceiling Figure 15: PCM Blanket Roof 
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The drawings were then utilized as a tool to determine the final dimensions of the proposed 
changes. This information aided the team in developing energy analyses through the TRACE and 
eQUEST software packages. The official AutoCAD drawings with their respective title boxes 
can be found in Appendix F. 
4.2 Baseline Simulations 
The original water treatment plant designs were modeled and simulated in both TRACE and 
eQUEST to create baseline data for the energy consumption of the two buildings.  For TRACE, 
the team used the existing file provided by Stantec of the HVAC load analysis to establish a 
baseline design for both buildings.  The results of the baseline analyses in the two programs are 
presented and discussed in the following sections. 
4.2.1 TRACE 700 
The first program used to model both the Hess and Regional water treatment facilities was 
TRACE 700. The team was given an existing file of the TRACE load analysis, so the simulation 
was re-run using this file to obtain the load values. The resulting output values are shown in 
Figure 19. The table shows, in bold, the peak and block heating loads for the AC units and the 
unit heaters. The last column in the table, labeled “Coil Sensible Load Btu/h” was used to 
calculate the total heating load for the building by adding the peak values of all of the systems 
together. For example, the peak heating loads for AC Units 1 and 2 are 17,207 Btu/h and 14,415 
Btu/h, respectively, and 173,832 Btu/h for the unit heaters. The sum of these values is 205,454 
Btu/h, which represents the total heating load for the building.   
  
Figure 18: Battened Roof Solar Panels Figure 17: Roof-Mounted Solar Shingles 
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PEAK HEATING 
LOADS    
    MAIN SYSTEM    
    By DEMO    
  OA Condition        
  DB WB        
Peak 
Time °F °F        
Htg 
Design -4 -7     COIL 
System Zone Room     
Block 
or 
Peak 
Floor 
Area 
ft2 
Supply 
Dry 
Bulb 
°F 
Coil 
Air 
Flow 
cfm 
Coil 
Sensible 
Load 
Btu/h 
Alternative 1                 
 A101 Electrical Room  Peak 496 125.0 345 -17,207 
AC Unit 1         Peak  496 125.0 345 -17,207 
AC Unit 1     Block 496 125.0 345 -17,207 
  A103 Control Room   Peak 296 117.2 290 -14,415 
AC Unit 2     Peak 296 117.2 290 -14,415 
AC Unit 2         Block 296 117.2 290 -14,415 
 A102 Restroom  Peak 103 102.5 64 -3,613 
  A106 Ammonium Sulfate Room Peak 54 80.9 54 -4,175 
 A107 Blower and Compressor Room Peak 99 125.0 105 -5,256 
  A109 Filter Room   Peak 2874 125.0 1,640 -81,884 
 A110 Chemical Room  Peak 731 99.5 731 -68,690 
  A111 Pipe Gallery   Peak 244 125.0 205 -10,212 
Unit Heaters    Peak 4,105 117.0 2,799 -173,832 
Unit Heaters       Block 4,105 117.0 2,799 -173,832 
 
Figure 19: TRACE 700 Design Heating Capacity Results 
4.2.2 eQUEST 
The second program, eQUEST, was used to model the two water treatment facilities separately. 
The results of these analyses are shown in Figures 20 and 21. The two tables for these 
simulations show the electricity consumed per year by end use, with the total electric 
consumption value being 52,920 kWh for the Hess WPF and 53,700 kWh for the Regional WPF.  
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After obtaining the output values from the simulations in both programs, the team noticed that 
eQUEST provides values for energy consumption in many categories, even outside of the 
heating and cooling systems, while TRACE does not. In addition, eQUEST simulates the energy 
consumption over a full year, and TRACE supplies values on a much smaller scale. For these 
reasons, the team decided to use only eQUEST to simulate the remaining building designs.   
One other difference between the TRACE and eQUEST analyses is the inclusion of AC Units in 
TRACE and not in eQUEST. The reason for this is that in TRACE, the program considers 
ventilation systems as “air conditioning units” whether they cool the air or use fans to ventilate 
it. The other program considers cooling systems and ventilation in two different categories.  
Another result of the baseline analyses to take note of is the similarity in values between the 
Figure 20: Hess WPF Baseline Electric Consumption Data 
Figure 21: Regional WPF Baseline Electric Consumption Data 
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eQUEST outputs for the Hess and Regional facilities. The reason they have such similar output 
values is that both buildings contain similar equipment and processes, the main difference 
between the two is that the floor area of the Regional WPF is about 500 square feet larger than 
the Hess WPF.  
4.3 Roof Design Comparison 
The Hess and the Regional Water Purification Facilities were modeled to compare four different 
roof and ceiling combinations.  The combinations included X25 and S25 PCM blankets, both 
with thicknesses of ⅜ inch and ½ inch.  
The PCM roof design shown in Section 4.1 was implemented and modeled in eQUEST, and then 
all four variations of the PCM blanket roof were directly compared to the baseline design for 
both energy consumption and annual utility cost. The energy comparison is shown graphically 
and the values are listed in tabular form below in Figure 22. The two runs labeled “Hess WTP 
PCM Roof” and “HWTP PCMR .5in” are the designs using X25 PCM, while the ones that used 
the S25 PCM are labeled as such. The results for the two water purification facilities, Hess and 
Regional, were very similar to each other and are interpreted and discussed at the end of Section 
4.4.  
Figure 22: Hess WTP Roof PCM Electric Consumption Comparison 
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The yearly utility costs associated with electricity consumption of the Hess WTP options are 
summarized in Table 4. These costs can be assumed to be accurate because the only utility that is 
powering the water treatment plant is electricity, and the electricity cost was input into eQUEST 
based on the US Energy Information Administration (EIA) report from 2016. The unit value for 
the electricity that was used to determine the utility cost was 7.22 cents ($0.0722) per kWh. This 
value was then used to determine the monthly and yearly utility costs in eQUEST. The graph of 
the utility costs broken down by month can be found in Appendix E. The values of the total 
yearly utility costs for each alternative are shown in Table 4, and are similar for the two water 
treatment plants. 
The results for both the energy comparison and the cost comparison show that, while the PCMs 
do have an impact on the energy consumption of the building by a few hundred kilowatt-hours, 
the difference is marginal. The graph in Figure 22 represents this marginal change very well, and 
the cost also only changes by a few dollars per year depending on the design.  
Table 4: Hess WTP Roof PCM Yearly Utility Costs 
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4.4 Ceiling Design Comparison 
Similar to the roof design, the PCM ceiling design shown in Section 4.1 was implemented and 
modeled in eQUEST, then the variations of the PCM blanket roof were directly compared to the 
baseline design for energy consumption and utility costs. The energy comparison is shown 
graphically and the values are listed in tabular form below in Figure 23. The two runs (Runs 2 
and 3) labeled “Hess WTP PCM Ceiling” and “HWTP PCMC .5in” are the designs using X25 
PCM, while the ones that used the S25 PCM are labeled as such. 
The yearly utility costs associated with the electricity consumption are summarized in Table 5. 
As shown in the graphical results of the simulations for the building design with PCMs in the 
ceiling, the PCM blanket has a small impact on yearly energy consumption and utility costs. One 
noticeable difference is that the thicker PCM with the higher specific heat, the ½-inch S25, 
causes the least energy consumption out of the four PCM options. When the ½-inch S25 is used, 
the energy consumption is 52,890 kWh for the roof configuration and 52,840 kWh for the 
ceiling, compared to 52,920 kWh for the baseline. These two consumption values are the lowest 
in their respective locations (ceiling or roof) out of all of the different runs for those locations.  
 
Figure 23: Hess WPF Ceiling PCM Electric Consumption Comparison 
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The Hess water treatment plant results as a whole show that when the PCM blanket is in the 
ceiling, it affects the energy consumption more than when it is in the roof. This is proven when 
the energy consumption in the water treatment plant is compared between the baseline and the 
PCM blanket in the two different locations. The ½-inch S25 PCM performs the best in both 
locations objectively, but when the ½-inch S25 PCM is used in the roof, the energy consumption 
is still 52,890 kWh, which is the same result as when a thinner PCM with a lesser capacity to 
store heat (⅜-inch X25) is used in the ceiling.  
The reason that the PCM blanket shows better performance results in the ceiling is because when 
the PCM blanket is exposed to the heat in the room, it is better able to absorb the heat from the 
room and release it when the rooms cool down. When the PCM is located in the roof, it has less 
exposure to the heat in the rooms, and therefore absorbs and releases less heat to the rooms. In 
turn, the heating system has to do more work to heat the building because there is less heat being 
stored.  
Although there are differences in the energy consumption values for the various options used for 
the roof and ceiling designs, these differences are minor. The two graphs in Figures 22 and 23 
depicting energy consumption show almost no difference in the values because the water 
treatment plants are abnormally large spaces to implement PCMs and have them be effective. 
The buildings are open, two stories high, and about 5,000 square feet in area with concrete 
masonry walls, so there is a large amount of heat loss and the PCMs are not in enough 
abundance to maintain the desired temperatures. This results in the small electricity consumption 
change shown in the graphs, but the unit heaters still have to do a lot of work to heat the rooms.  
The same results are shown in the simulation results from the Regional water treatment plant. 
The electricity consumption and utility costs for the Regional simulations can be found in 
Appendix E. These results were not presented in the Results section because they reflect the 
same findings as the results from the Hess water treatment facility. 
Table 5: Hess WTP Ceiling PCM Yearly Utility Costs 
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4.5 Solar Energy Consumption and Cost Analysis  
In order to reduce the building’s grid electric consumption, the team considered implementing 
solar energy to offset the grid power use. To do so, the team selected three LG solar panels and 
analyzed them based on their performance. The panels selected were: LG335S2W, LG360N2W, 
and LG375N2W with efficiency rates of 17.1%, 18.4% and 19.1%, respectively (LG, 2016). 
Some other important values taken into consideration throughout the calculations were Parker’s 
annual average solar radiation and solar cells’ performance ratio. The full calculations that led to 
the results presented in this section have been summarized in Appendix G.  
Table 6 shows the total cost and the net cost of implementing a solar panel system in the two 
water treatment facilities. These values were calculated using the Solar Calculator that LG Solar 
provides on their website (LG, 2017). The Solar Calculator requires the user to specify the size 
of the system being implemented, which is calculated by multiplying the strength of the 
individual solar panel by the quantity of solar panels. For example, in the Hess WTP, one of the 
options was to use 26 335-Watt panels. Therefore, the size of this system is 8,710 kWh. The net 
cost in the following table was determined by subtracting the estimated Federal PV Tax Credit 
for Parker, Colorado from the system’s total cost. The Federal PV Tax Credit was also 
determined by the LG Solar Calculator.  
 
Table 6: Solar Panel System Sizes and Costs 
 Hess WTP Regional WTP 
LG Solar 
Panel 
System 
Size 
(kW) 
System 
Cost 
Federal 
PV Tax 
Credit 
Net 
System 
Cost 
System 
Size 
(kW) 
System 
Cost 
Federal 
PV Tax 
Credit 
Net System 
Cost 
LG335S2W 
(17.1%) 
8,710 $28,000.00 $8,400.00 $19,600.0
0 
25,795 $87,500.00 $26,250.0
0 
$61,250.00 
LG360N2W 
(18.4%) 
9,360 $31,500.00 $9,450.00 $22,050.0
0 
9,360 $87,500.00 $26,250.0
0 
~ $61,250.00 
LG375N2W 
(19.1%) 
9,750 $35,000.00 $10,500.0
0 
$24,500.0
0 
9,750 $105,000.0
0 
$31,500.0
0 
$73,500.00 
 
The cost to implement LG solar panels increases with the system size and strength of the panels. 
The Hess WTP has a smaller amount of panels, so the cost of the three solar options for this 
facility is much lower than the Regional facility. 
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Once the net cost for the solar systems was determined the team proceeded to calculate the 
energy output for each panel by applying the following: 
E = A* r * H * PR 
Where, 
E = Energy (kWh) 
A = Total solar panel Area (m ) 
r = solar panel yield or efficiency (%)  
H = Annual average solar radiation 
PR = Performance ratio, coefficient for losses (range between 0.5 and 0.9, default value = 
0.75) 
This formula was obtained from an online photovoltaic calculator that took in consideration each 
location’s solar characteristics to provide accurate results (Photovoltaic software, 2016). 
According to the Solar Energy Local, the annual average solar radiation on Parker, Colorado is 
5.68 kWh/m2/day (Solar power in parker, CO.2017). Once each solar panel’s energy output was 
calculated, the monthly and yearly savings were determined based on the cost of grid power per 
kWh. These calculations were based on the average electricity rate of $0.0722 per kilowatt-hour 
for Parker (US Energy Information Administration, 2016). The maximum number of solar panels 
that can be implemented on the roof of the Regional WPF is 164 individual panels, but this 
would generate much more electricity than is necessary to power the building. Therefore, the 
team used less than half of the maximum amount, 77 panels, for the estimate. The power 
generated by these solar panels is presented in Table 7. The final layout for the proposed solar 
panel systems can be found in Appendix F. The Hess WPF can fit a maximum of 13 solar panels 
on one side of its roof, and the team chose to estimate the energy savings and costs for 26 solar 
panels so that the two sides of the roof that are exposed to the most sun can have solar panels 
installed. Table 7 shows a summary of the energy generated and utility cost saved per year when 
implementing the three LG solar panel models. 
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Table 7: Solar Panel Energy and Cost Savings 
 Hess WTP Regional WTP 
LG Solar Panel 
System 
Size 
(kW) 
Power 
Generated by 
Solar Panels 
(kWh) 
Cost Savings 
per year 
from Solar 
Power 
System 
Size 
(kW) 
Power 
Generated by 
Solar Panels 
(kWh) 
Cost Savings 
per year 
from Solar 
Power 
LG335S2W (17.1%) 8,710 13,550 $980 25,795 40,130 $2,900 
LG360N2W (18.4%) 9,360 14,580 $1,050 9,360 43,180 $3,100 
LG375N2W (19.1%) 9,750 15,130 $1,100 9,750 44,820 $3,200 
 
 
The results of calculating the potential energy savings when using the LG solar panels shows that 
a large amount of electric power from the grid can be offset using solar panels, depending on 
how large the solar system is. The reason the power and cost savings are so much greater in the 
Regional WTP than the Hess WTP is that there were many more solar panels used in the 
estimate for the Regional WTP, as mentioned earlier. However, even in the Hess facility, the 
solar panels offset about a third of the energy required to power the building per year. The solar 
panels in the Regional facility could offset almost 90% of the building’s grid energy use, but 
consequently this larger system is also significantly more expensive to implement, as shown in 
Table 7. However, the electric utility cost that is saved by each of the systems also increases with 
the size of the system. The team calculated the time required to cover installation costs by using 
solely the capital saved on electric power each year. It would take an average of 21 years to pay 
off the entirety of the capital spent on the installation of the panels in both water treatment 
facilities.   
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5.0 Conclusion and Recommendations  
After simulating the roof and ceiling designs, and determining the cost and energy savings 
associated with roof-mounted solar panels, the team came to the following conclusions about the 
results. In addition, the team provided recommendations associated with the conclusions that 
were made. The team’s goal was to assess the energy consumption of the Hess and Regional 
Water Purification Facilities, and test greener alternative building designs to save energy and 
decrease long-term operational costs. 
5.1 PCM Design Options 
The results of the eQUEST simulations of the Hess and Regional Water Purification Facilities 
from Sections 4.3 and 4.4 led the team to the conclusion that the PCM blanket is more effective 
when placed in the ceiling than in the roof. According to the simulation results, however, the 
PCM blanket in the ceiling still does not have a significant impact on energy savings or utility 
cost savings. The maximum amount of money that can be saved between both water treatment 
plants is about $9 a year, which even after 20 years of operation amounts to only $180. Since the 
PCM blankets are a relatively new technology, the team assumed that it would cost significantly 
more than $180 to implement the PCMs in both ceilings. The resources used to obtain data for 
the PCM blankets did not provide any cost data, so the team was unable to estimate the exact 
cost of the material.   
Based on these conclusions, the team is not recommending the use of PCMs in the water 
treatment plants. While PCMs are an excellent way to decrease temperature fluctuations and 
heating costs in smaller spaces, the Hess and Regional facilities are too large and open spaces to 
benefit from the use of this material.  
5.2 Solar Design Options  
The team’s analysis of the solar panel options resulted in the conclusion that solar panels are 
much more likely to impact the energy use of the water treatment plant buildings. The solar 
panels have the potential to save significant amounts grid power by collecting solar power and 
converting it into electricity to power the plants. From Section 4.5, it is proven that even a small 
solar panel system has the capacity to save about a third of the energy that the buildings consume 
in a year.  
In the Results section, the team also established that there is a high cost associated with solar 
panel installation, but there are many benefits to implementing solar power than can offset this 
cost. For example, the plant would be opting for a cleaner energy option than grid power, which 
could have a positive impact on the surrounding environment and greenhouse gas emissions. If 
the water treatment plants were to implement solar panels, there would also be the added benefit 
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for the Parker Water and Sanitation District, who would then be able to promote the initiatives 
towards using cleaner energy on a local government level. In addition, if the plants use the solar 
panels for a long period of time, the capital that is saved by not using grid power will also 
balance out the cost of installing the solar panel system. The payback period, as shown in the 
Results section, is about 20 years, and this is based solely on the money saved on grid power 
because of the use of solar power. There are other cost savings associated with the 
implementation of solar panels, such as tax breaks and the potential to sell the excess solar 
energy generated.  
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Introduction 
The Parker Water and Sewer District in Parker, Colorado is planning on upgrading its water 
treatment plants at three main locations: the existing Rueter-Hess Water Purification Facility (RHWPF) 
located off of Hess Road in Parker, and two new treatment plants. The first of these two new plants is the 
Regional Water Purification Facility (Regional WPF), which is located to the north of the existing 
Regional Pumping Station. The second is the Hess Water Purification Facility (Hess WPF), located south 
of the existing Rueter-Hess Pump Station. These two new facilities will be used to treat local groundwater 
and water that is piped to the plant from other sources.  
Currently, Stantec has designed the project to a 60% design level that includes a separate building 
for each treatment plant. The initial layout of each facility shows that the buildings are supposed to be 
divided into five individual rooms: a control room, a mechanical room, an electrical room, a filter room, 
and a chemical feed room. The control room will include the Process Control Panel and the Filter Control 
Panel. The filter and the chemical feed rooms will include filter vessels, process piping, raw water pumps, 
and bulk storage tanks, solution tanks, chemical feed pumps, respectively. 
         The goal of this project is to propose constructability options that are both cost effective and 
environmentally conscious for Stantec to incorporate into their existing design plans of water treatment 
plants in Parker, Colorado. This proposal introduces the green concepts that can be employed as part of 
this project, and outlines our methodology for accomplishing this goal.  
Figure	1:	New	Water	Treatment	Plant	Locations.	1:	Regional	WPF,	2:	RHWPF,	3:	Hess	WPF	(Google	Maps)	
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Background  
In the past few years, construction has taken a turn toward greener and more environmentally 
conscious approaches to building design. Water treatment plant construction is included in these 
environmental goals, so design companies such as Stantec are looking for green alternatives to standard 
construction. This is done by implementing more energy efficient components and using renewable 
materials during the construction. In comparison with standard materials, the ones implemented in green 
buildings generally reduce maintenance and replacement costs over the life of the building, conserve 
energy, and improve occupant health and productivity. There are multiple green design initiatives, 
including LEED and ENERGY STAR that contribute to the shift towards greener construction. 
 The Leadership in Energy & Environmental Design (LEED) is a program developed by the U.S. 
Green Building Council that provides third-party rating and certification of green buildings (U.S. Green 
Building Council, 2016).  The five LEED categories are (1) sustainable sites, (2) water efficiency, (3) 
energy and atmosphere, (4) materials and resources, and (5) indoor environmental quality (Figure 2). In 
2011, eight civil engineering students from Florida Atlantic University, in collaboration with a 
professional engineering firm and the city of Dania Beach, Florida, helped to design the world’s first 
LEED Gold Certified water treatment plant (Bloetscher, et al., 2013). The students and engineers 
addressed LEED certification concepts to increase 
process efficiency, and decrease environmental 
impact and operating costs of the water treatment 
facility. This design was a renovation to an existing 
lime softening plant, where a new, convertible-
fourth-stage nanofiltration process was added to the 
lime softening process. They implemented recycled 
and low impact materials, day lighting and dust 
reduction, and energy reduction measures that 
would ensure the building’s environmental 
footprint would be greatly diminished without 
affecting the normal function of the water plant. They also sourced all building materials locally or from 
within 500 miles of the project. These measures proved to be cost effective during construction and for 
the operation and maintenance of the plant. (Bloetscher, et al., 2012). The four-stage process, in addition 
to the innovative approach to the LEED certification categories, was a novel concept for water treatment 
plants. 
Figure	2:	LEED	Credit	Categories	(High	Profile,	2014)	
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Another green initiative that has been applied in Parker, Colorado is the ENERGY STAR 
Certified Homes program. This program helps homebuyers identify which homes are more energy 
efficient compared to standard homes (Environmental Protection Agency). Industrial plants such as water 
treatment facilities also have the potential to be certified as ENERGY STAR. As of 2014, more than 140 
industrial plants in the United States were certified under this program. The cumulative cost savings 
between these 140+ facilities totaled to more than $3.5 billion (Environmental Protection Agency, 2015). 
One of the successful ENERGY STAR plants is the Eastman Chemical Company plant in Kingsport, 
Tennessee. This plant utilized ENERGY STAR guidelines by focusing on optimizing energy and 
production, which involved “running the plant at maximum production rates, building inventory, and then 
taking extended shutdowns to control their inventory at acceptable levels” (ENERGY STAR). The new 
procedures resulted in no capital costs and no new investments.  
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Methodology  
Our goal is to create recommendations for constructability options that are both cost effective and 
environmentally conscious. We plan to provide a comparison of these options for Stantec to use with their 
existing design plans of water treatment plants in Parker, Colorado. We have established three objectives 
to guide the project to our goal: 
 
Objective 1: Identify green concepts that can be used in the water treatment plant building designs 
and investigate their effects on the environment 
Objective 2: Evaluate costs associated with water treatment plant construction 
Objective 3: Provide recommendations based on a cost comparison between conventional water 
treatment plant construction and green alternative 
 
Objective 1: Identify green concepts that can be used in the water treatment plant building designs and 
investigate their effects on the environment 
Task 1: Research environmental impacts of construction to determine potential criteria for design 
comparison 
 The purpose of this research task is to help the project team determine what criteria are necessary 
for comparing multiple design options. Our end goal is to compare costs of various options for Stantec 
and the owner, while also taking into consideration the impact that these new structures may have on the 
environment and the surrounding community. This task will entail conducting research on methods to 
measure environmental footprint and energy consumption, in addition to helping us discover other criteria 
that may be relevant to the design comparison.  
Task 2: Identify material elements composing the new water treatment plants 
Next, we must determine the typical materials that are required to construct a water treatment 
plant. Concrete, steel, and wood are material elements that every structure contains, but we must consider 
other materials that are required for the project as well. Water treatment plants are not simple buildings; 
they also contain special piping and holding chambers that must be able to withstand corrosion when 
exposed to water and various contaminants for long periods of time.  
Task 3: Evaluate green design options to supply the building with the materials and energy required to 
work at full capacity 
Once the material components of the plants are identified, various energy and material options 
will be considered for implementation into the structure’s design. We will research various green 
alternatives based on the criteria established in Task 1. We will consider these, in addition to the 
conventional energy options for a standard water treatment plant. The goal is to choose alternatives with 
lesser environmental impact.  Different renewable construction materials will be incorporated into the 
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green concept designs in order to gain better long term benefits and energy consumption rates. All of the 
options mentioned in the background, as well as those that will be presented throughout the process of 
identifying the necessary materials, will be evaluated and modified to suit green design goals that can be 
applied to the buildings. These green alternatives are not to interfere with the water treatment plant’s 
regular functioning; they are to maintain or enhance its general operations. 
Objective 2: Evaluate costs associated with water treatment plant construction 
Task 4: Investigate the geographical limitations of the water treatment plant project  
Understanding the location of the water treatment plant is imperative to the design of this project. 
The location-based aspects of building design include state and local building codes, and material 
transportation limitations. We will complete this task by researching the local environmental laws and 
building codes for LEED and ENERGY STAR design in Parker, Colorado. We will also research and 
document the availability of construction materials in the area, such as concrete and steel options, as well 
as material disposal or recycling options. These location-based limitations could result in the inability to 
use certain materials or unexpected increases in cost and environmental footprint, so learning about the 
resources in the area prior to determining the necessary materials and costs will help us when creating our 
comparison of design options. 
Task 5: Determine the marginal costs for water treatment plant options 
We plan to compare the cost of the potential materials that can be chosen to complete the water 
treatment plants. To do this, we will research LEED and ENERGY STAR construction techniques and 
determine the present value of the construction materials required to design a structure to LEED or 
ENERGY STAR standards. The present value analysis will include construction costs, O&M costs, and a 
savings over time prediction for the design options proposed. We will also investigate options that may 
not meet the green standards to obtain an idea of the price range of this type of project. Considering the 
cost of conventional water treatment plant construction and green concepts will help us establish a 
baseline for comparing standard cost versus green construction techniques.  
Objective 3: Provide recommendations based on a cost comparison between conventional water treatment 
plant construction and green alternatives  
Task 6: Compile construction and O&M costs of conventional construction methods and green 
alternatives into a comparison report for Stantec engineers 
As alternative green design options are implemented into the structure’s design, a cost analysis 
will be performed based on their feasibility within the project’s constraints. We will focus on combining 
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the top aspects of LEED, ENERGY STAR, other green design criteria, and conventional construction 
concepts for this analysis. Aspects such as construction and long term O&M costs will be taken into 
consideration as well as cost of labor. We will use the data found in Task 5 to assemble multiple different 
design options that are most favorable for the water treatment plants. The overall benefits that each design 
provides to the water treatment plants and the surrounding community and environment will be 
considered as well, to provide a more in-depth comparison between the design options provided. When 
this comparison information is compiled, it will be presented to Stantec engineers for feedback on which 
options are feasible for the project. An example of the type of chart we will use to present our comparison 
is included below. We plan to compare the design criteria we establish side-by-side for each design 
option.  
Criteria Option #1 Option #2 Option #3 Option #N 
Construction 
Cost 
$$$ $$$ $$$   
O&M Cost 
$$$ $$$ $$$   
Energy Use 
kW/h kW/h kW/h   
Etc.          
 
Task 7: Develop a final recommendation for water treatment plant design 
 We will use the feedback from Stantec, in addition to our own cost evaluation and the 
environmental impacts we discover, to develop a set of recommendations for the project. This will consist 
of recommendations on materials to use, green energy concepts, and construction processes to reduce 
environmental effects.  
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Schedule 
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Appendix B: Building Components and Materials 
Element Status Specifics 
Exterior Walls Currently designed Three Rool-up doors (two on east view and one on 
West view) 
Two regular double doors on North and South 
views 
Rigid Insulation with Dimensional Lumber 
CMU façade 
Cavity Walls 
Roof Currently designed Pre-fabricated wood trusses. 2-foot on center 
Wood or strutural steel 
Gable roof 
Ceiling Currently designed Fiberglass reinforced plastic panels 
Heaters / Power source Currently Designed Chromalox 
Reznor 
Markel 
Material Supplier Locations 
Concrete Mix Rio Grande Co.  Denver 
  Prime Site Work & Concrete, Inc. Lone Tree 
CMU Rio Grande Co.  Denver 
  Summit Brick Company Multiple locations 
Heaters Chromalox **EUH brands** online stores 
  Reznor   
  Markel   
PCM Phase Change Energy Solutions Mission, Kansas (500+ miles) 
  PlusICE PCM   
Backfill materials APC Landscape Supply Golden, Colorado 
Solar panels Tesla // Solar city   
  B Green, LLC Golden, CO 80401 
  Lifetime Solar Solutions, LLC Denver, CO 80205 
  Lukenbuilt Plumbing and Heating Parker, CO 80134 
  Southard Solar & Construction Longmont, CO 80501 
  Caleb Clark Lone Tree, CO 80124 
  Metro Solar, Inc. Englewood, CO 80110 
  Capitol Solar Energy Company, 
LLC 
Castle Rock, CO 80108 
  Bumblebee Solar Lakewood, CO 80215 
  Golden Solar Electric, LLC Golden, CO 80401 
Insulation IDI Distributers Denver 
Dimensional Lumber Alpine Lumber Parker 
Structural Steel Rio Grande Co.  Denver 
  Western Steel Colorado Springs 
Precast Rio Grande Co.  Denver 
Rebar Rio Grande Co. Denver 
Floor/Ceiling Tiles IDI Distributers Denver 
 
Appendix C: Window and Door Dimensions
North Wall Double Door W 6'-4"  H 7'
Windows (5 identical) W 9'-4"  H 4'
Double Door W 6'-4"  H 7'
Garage Door W 15'-8"  H 14'
Garage Door W 15'-4"  H 14'
Door W 3'-4"  H 7'
Window W 4'-8"  H 4'
Garage Door W 10'  H 10'-6"
Window W 3'-6"  H 3'-6"
North Wall Double Door W 6'-4"  H 7'
South Wall Windows (5 indentical) W 4'-6"  H 4'-6"
Door W 3'-4"  H 7'
Window W 4'-8"  H 4'
Garage Door W 10'  H 10'-6"
Window W 3'-6"  H 3'-6"
Windows (2 identical) W 4'-6"  H 4'-6"
Garage Door W 15'-8"  H 14'
Garage Door W 15'-4"  H 14'
East Wall
West Wall
South Wall
East Wall
West Wall
Hess WTP
Regional WTP
Building Element Layer Material Name in eQUEST
Pre-finished standing seam metal 
roofing with hemmed edge Steel Siding (AS01)               Blt-Up Roof 3/8in (BR01)
Self-adhering high temperature 
underlayment Plastic Film Seal (BP03)
3/4" pressure treated plywood 
sheathing Plywood 3/4in (PW05)
Fiberglass reinforced plastic panels Polyurethane 1/2in (IN41)
6 mil vapor barrier Air Lay <3/4in Horiz (AL13)
5/8" moisture resistant gypsum 
board GypBd 5/8in (GP02)
Air space Air Space (HF-B1)
Ceiling
Roof
Appendix D: Roof and Ceiling Layers 
Appendix E: Individual eQUEST Results 
1. Hess WTP Baseline 
 
 
 
 
2. Hess WTP with 3/8-inch X25 PCM Roof 
 
 
 
 
3. Hess WTP with ½-inch X25 PCM Roof 
 
 
 
 
4. Hess WTP with 3/8-inch S25 PCM Roof 
 
 
 
5. Hess WTP with ½-inch S25 PCM Roof 
 
 
 
6. Hess WTP with 3/8-inch X25 PCM Ceiling 
 
 
 
7. Hess WTP with ½-inch X25 PCM Ceiling 
 
 
 
8. Hess WTP with 3/8-inch S25 PCM Ceiling 
 
 
 
9. Hess WTP with ½-inch S25 PCM Ceiling 
 
 
 
10. Regional WTP Baseline 
 
 
 
11. Regional WTP with 3/8-inch X25 PCM Roof 
 
 
 
12. Regional WTP with ½-inch X25 PCM Roof 
 
 
 
13. Regional WTP with 3/8-inch S25 PCM Roof 
 
 
 
14. Regional WTP with ½-inch S25 PCM Roof 
 
 
 
15. Regional WTP with 3/8-inch X25 PCM Ceiling 
 
 
 
16. Regional WTP with ½-inch X25 PCM Ceiling 
 
 
 
17. Regional WTP with 3/8-inch S25 PCM Ceiling 
 
 
 
18. Regional WTP with ½-inch S25 PCM Ceiling 
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Appendix G: Solar Energy Calculations 
 
The following information was implemented when calculating the solar panels’ 
performance and economic implications for both Water Treatment Plants. 
 
1. Energy Output: 
 !"#$%& !"#$"# = ! ∗ ! ∗ ! ∗ ! 
 ! = !"#$% !"#$ !" !ℎ! !"#$% !"#$%& ! = !""#$#%&$' ! = !""#$% !"#. !"#$% !"#$"%$&'  ! = !"#$%&'()" !"#$% 
 
 
2. Cost Analysis: 
 
Values obtained from background research and energy models: 
• Cost/kWh (grid power) 
• Yearly Operational Cost (Baseline) 
 
Equations: 
 !"#$ !"#$% !"# !"#$ !" !"#$%= !"#$% !"#$% !" !"#$% ∗ !"#$ !"ℎ  !"#$ !"#$%   
 !"#$%&'$(" !"#$ !"#$% !"#$% !"#$%&'= !"#$%& !"#$%&'()%* !"#$ − !"#$ !"#$% !" !"#$% 
 
 
3. Implementation Cost: 
 
Values obtained from background research and LG online calculator: 
• Cost per panel 
• Systems size 
• Systems Cost 
• Tax Credit 
 !"#$ !"# !"#$%& = !"#$ !" !"#$%& !!"#$ ∗ !"#$%& !" !"#$%! 
 !"# !"!#$% !"#$ = !"#$%& !"#$ − !"# !"#$%& 
 !"#$% !" !"# !"" !"#$%"%&'('!)&= !"# !"!#$% !"#$/!"#$ !"#$% !"# !"#$ !" !"#$% 
Hess	Water	Treatment	Plant	–	Solar	Panels	Calculations	South	/	West	Roof	Face	
	 				
Energy	Output	
LG	Solar	
Panel	 X	(m)	 Y	(m)	
Unit	Area	
(sq.	m)	
Number	
of	
Panels	
Total	Solar	
Area	(sq.	m)	
Efficiency	
(%)	
Annual	avg.	
solar	radiation	
(kWh/m^2/day)	
Performance	
ratio,	
coefficient	
for	losses	
Power	
Generated	by	
Solar	Panels	
(kWh)	
LG335S2W	 1.96	 1	 	1.96		 26	 	50.96		 17.1%	 5.68	 0.75	 	37.12		
LG360N2W	 1.96	 1	 	1.96		 26	 	50.96		 18.4%	 5.68	 0.75	 	39.94		
LG375N2W	 1.96	 1	 	1.96		 26	 	50.96		 19.1%	 5.68	 0.75	 	41.46		
Cost	Analysis	
LG	Solar	
Panel	
Power	
Generated	by	
Solar	Panels	
(Monthly)	
Power	
Generated	by	
Solar	Panels		
(Year)	
Power	
Required	by	
WTP	(Year)	
Cost/kWh	
(grid	
power)	
Cost	Savings	
Per	Year	From	
Solar	Power	
Yearly	
Operational	
Cost	
(Baseline)		
Electrical	
Cost	After	
Solar	Savings	
LG335S2W	 	1,129.14		 	13,549.65		 	52,920		 $0.0722		 	$978.28		 	$3,705.00		 	$2,726.72		
LG360N2W	 	1,214.98		 	14,579.74		 	52,920		 $0.0722		 	$1,052.66		 	$3,705.00		 	$2,652.34		
LG375N2W	 	1,261.20		 	15,134.40		 	52,920		 $0.0722		 	$1,092.70		 	$3,705.00		 	$2,612.30		
Implementation	Cost	
LG	Solar	
Panel	
Cost	of	
Single	
Panel	
Cost	for	
Panels	
System	
Size	
System	
Cost	 Tax	Credit	
Net	
System	
Cost	
Cost	Savings	
Per	Year	From	
Solar	Power	
Net	
System	
Cost	
Years	to	Pay	off	
Implementation	
LG335S2W	 	$425		 	$11,050		 	8,710		 	$28,000		 	$8,400		 	$19,600		 	$978		 	$19,600		 20.0	
LG360N2W	 	$425		 	$11,050		 	9,360		 	$31,500		 	$9,450		 	$22,050		 	$1,053		 	$22,050		 20.9	
LG375N2W	 	$520		 	$13,520		 	9,750		 	$35,000		 	$10,500		 	$24,500		 	$1,053		 	$24,500		 22.4	
Regional	Water	Treatment	Plant	–	Solar	Panels	Calculations	South	Roof	Face	
	 				
Energy	Output	
LG	Solar	
Panel	 X	(m)	 Y	(m)	
Unit	Area	
(sq.	m)	
Number	
of	
Panels	
Total	Solar	
Area	(sq.	m)	
Efficiency	
(%)	
Annual	avg.	
solar	radiation	
(kWh/m^2/day)	
Performance	
ratio,	
coefficient	
for	losses	
Power	
Generated	by	
Solar	Panels	
(kWh)	
LG335S2W	 1.96	 1	 	1.96		 77	 	150.92		 17.1%	 5.68	 0.75	 	109.94		
LG360N2W	 1.96	 1	 	1.96		 77	 	150.92		 18.4%	 5.68	 0.75	 	118.30		
LG375N2W	 1.96	 1	 	1.96		 77	 	150.92		 19.1%	 5.68	 0.75	 	122.80		
Cost	Analysis	
LG	Solar	
Panel	
Power	
Generated	by	
Solar	Panels	
(Monthly)	
Power	
Generated	by	
Solar	Panels		
(Year)	
Power	
Required	by	
WTP	(Year)	
Cost/kWh	
(grid	
power)	
Cost	Savings	
Per	Year	From	
Solar	Power	
Yearly	
Operational	
Cost	
(Baseline)		
Electrical	
Cost	After	
Solar	Savings	
LG335S2W	 	3,343.98		 	40,127.80		 	53,700		 $0.0722		 	$2,897.23		 	$4,092.00		 	$1,194.77		
LG360N2W	 	3,598.20		 	43,178.45		 	53,700		 $0.0722		 	$3,117.48		 	$4,092.00		 	$974.52		
LG375N2W	 	3,735.09		 	44,821.11		 	53,700		 $0.0722		 	$3,236.08		 	$4,092.00		 	$855.92		
Implementation	Cost	
LG	Solar	
Panel	
Cost	of	
Single	
Panel	
Cost	for	
Panels	
System	
Size	
System	
Cost	 Tax	Credit	
Net	
System	
Cost	
Cost	Savings	
Per	Year	From	
Solar	Power	
Net	
System	
Cost	
Years	to	Pay	off	
Implementation	
LG335S2W	 	$425		 	$32,725		 	25,795.00		 	$87,500		 	$26,250		 	$61,250		 	$2,897		 	$61,250		 21.1	
LG360N2W	 	$425		 	$32,725		 	9,360.00		 	$87,500		 	$26,250		 	$61,250		 	$3,117		 	$61,250		 19.6	
LG375N2W	 	$520		 	$40,040		 	9,750.00		 	$105,000		 	$31,500		 	$73,500		 	$3,236		 	$73,500		 22.7	
